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echanical aortic valve ecalcificatiorP with va~vu~op~asty 
was the initial surgical therapy of aortic stenosis before 
the development of suitable prostheses (1-3). Recently, 
there has been a resurgence of interest and enthusiasm for 
repair of aorlic stenosis utilizing ultrasonic aortic valve 
decalcification. Preliminary reports (4-6) have suggested 
that relief of severe aortic stenosis can be achieved with the 
technique of ultrasonic decalcification, but postoperative 
clinical and hemodynamic follow-up study (7-8) has been 
limited. 
In this report, we describe the clinical and Doppler 
echocardiographic follow-up evaiuation of the first 68 pa- 
tients undergoing ultrasonic aortic valve decalcification at 
the Mayo Clinic. 
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fs. Sixty-eighl consecutive patient 
~~der~ve~t ~~t~aso~~c aortic valve 
yo Clinic between June I, 1987 an 
ber 3 1, 1987. Their mean age at the time of operation was 
77.4 + 7.0 years (range 61 to 94. The majority of patients 
(93%) were in New York Hear! ssociation funchal class 
111 or IV before operation. 
Savers aork sfettasis. defined as an aortic valve area 
~0.75 cm’, was present in 49 patients (72%) as 
by preoperative Doppler echocardiography or cardiac cath- 
eterization, or both. Cardiac catbeterizat~o~ for aortic valve 
kem4ynamic measurements was performed only at ihe 
discretion of the attending physician mostly to resolve 
discrepancies between the clinical and oppler echocardio- 
graphic examinations. The Doppier and ~at~eterizat~oa re- 
suits were highly concordant in the minorit nts 
having both. studies. The remaining 19 patients ate 
aortic stenosis (aortic valve area 0.76 to 1.0 cm’) and 
underwent ultrasonic decalcification as a secondary proce- 
dure; the primary indication for surgery was ge~e~a~~y COT- 
onary ar&esy bypass. 
All ultrasonic aoFtic valve aecalcilication procedilres 
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Figure 1. lntraoperative two-dimen- 
sional echocardiographic short-axis 
images of the aortic valve. L 
Severe calcific aortic steno 
ultrasonic dec$cification; aortic cusp 
excursion (arro 
during systole. 
patient after ultrasonic aortic valve de- 
calcification and cessation of extracor- 
poreal circulation. The calcific disease 
has been largely debrided and the aor- 
tic cusps (arrow) open freely during 
systole. Diastolic and systolic still 
frames as indicated: LA = left atrium; 
PA = main pulmonary artery: RA = 
right atrium. 
were performed under a protocol approved by the Institu- 
tional Review Board of the Mayo Clinic. 
Uitrasonic aortic valve decakification. The Cavitron UI- 
trasonic Surgical Aspirator (CUSA: Cavi’tron Surgical S)s- 
terns) was employed for all cases of aortic valve decalcifica- 
tion. This system delivers longitudinal ultrasonic energy (23 
kHz) through a hollow titanium surgical probe. disintegrat- 
ing valvular excrescences in contact with the tip. Continuous 
sterile irrigation solution exits within the flue enclosing the 
probe, suspending particulate matter in solution while cool- 
ing the site of debridement. The resulting suspension is then 
continuously aspirated through a suction port near the tip of 
the probe and collected in a filter within the console of ihe 
CUSA device. 
Ultrasonic debridement of aortic valve stenosis was per- 
formed by medfls of an oblique aortotomy after heinstitu- 
tion of standard hypothermic extracorporeal circulation and 
cold cardioplegic arrest. Complete ultrasonic debridement 
was attempted to obtain pliable and freely mobile aortic 
cusps with restoration f normal excursion and coaptation 
(Fig. 1). Small cusp perforations precipitated byultrasonic 
debridement were repaired with pericardial patches. Rarely. 
sharp aortic commissurotomy or aortic cusp resuspension 
was performed. 
Ultrasonic aortic valve debridement was performed at 
the d&r&on of the J-urgeon; if the valve was beyond 
sakge or the resul’rs ofdebridement were not satisfactory, 
prosthetic replacement wits peti irm:d. During the time 
period of this study, ultrasonic decalcification was initiated 
in 8 (18%) of 45 additional patients undergoing aortic valve 
ent because ofsevere aortic stenosis (4 of 8 patients 
with a bicuspid valve); in these patients, decalcification was 
abandoned because of extensive cusp deformation. These 
patients were not included in this series. In the remaining 37 
patients, ultrasonic decalcification was not attempted be- 
cause of the presence of extensive calcific disease involving 
a bicuspid (54%) or tricuspid (33%) aortic valve or the 
presence of rheumatic disease (13%). 
intraoperative epicardial two-dimensional IFig. I) and 
Doppler colorflow echocardiography was initially routinely 
performed after decalcification a d cessation ofextracorpo- 
real circulation. Left ventricula! nd aortic pressures were 
routinely measured intraoperatively before and after decal- 
cification by standard fluid-filled catheters. In each case in 
which the surgeon was satisfied with completed decalcifica- 
tion, no significaut residual aortic stenosis or regurgitation 
was found after discontinuation of cardiopulmonary b:rpass. 
Two-dimensional and Doppler echocar&ography. The 
majority of preoperative echocardiographic studies and all 
postoperative follow-up studies were performed with a 
Hewlett-Packard 77820A cardiac ultrasound imaging unit 
with a 2.5 MHz phased array duplex transducer. Nearly all 
of the follow-up studies were performed by one examiner 
(W.K.F.). 
The optimal peak aortic valve velocity (VA,) wzs ob- 
tained by systematic interrogation f the valve from multiple 
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velocity 
ow tract diameter was measured 
Sei~niq~rantir4~rri~)~~ of crortic ~~~~~~~~it~~tio~~ uus tlorrc i?\ 
composite arla/ysis 0.f three oppler l~iet/?~~~~s. 1 I Shorr-axis 
area and long-axis height of the ortic regurgitant jet de- 
fined by optimized Doppler color w mapping were corre- 
of the immediate subvalvular left 
ectively. Doppler color 
ion was modified after 
method of Perry at el. (1 I). The ratios of both aortic 
regurgitant jet area/left ventricular outflow tract 
aortic regurgitant jet height/left ventricular out 
height semiquantified aortic regurgitation as follows: S25 
= mild, 0.26 to 0.60 = moderate and Xl.60 = severe. Barely 
detectable aortic regurgitation by Doppqer color flow map- 
ping was defined as trivial. 2) In the absence of severe left 
ventricular dysfunction. the-aortic regurgitant diastolic prer- 
sure half-time was determined from complete continuous 
wave Doppler spectral envelopes as described by Teague et 
al. (12). Aortic regurgitation was classified as mild if the 
diastolic pressure half--time was 2600 ms. moderate at ~600 
ms but >250 ms and severe if the half-time was ~?50 ms. 3) 
Pulsed wave Doppler analysis of the proximal descending 
thoracic aorta was performed to determine the time-velocity 
intrgral ratio of aortic diastolic flow reversal to systolic 
forward flow (13). The sample volume was placed in the 
central aortic lumen, with minimizatiou of the angle of 
incidence to flow and avoidance of eddy signals. Aortic 
regurgitation was graded as mild (or trivial depending on 
Doppler color flow findings) if no diastolic reversal was 
present; moderate if reversal was present only in the initial 
~50% ofdiastole, being clearly less than the systolic forward 
time-velocity integrai, and severe if holodiastolic reversal 
equal or greater than the systolic forward time-velocity 
integral was detected. 
The severity oj’ aortic regurgitation was determined by 
No. of 
Patients 
Ilpe~alibi: procdurc~ 
Aorlic ulve dec;ilcilication 
Aollic VidVC &Cakifkl~ilm t coronary artery bypass 
Aorlic valve decalcilicatiun t mitral valve repair or 
orpl;uxmen~ + coronary artery bypass 
Aortic valve decalcikalion t seplal myotomy and 
mvect0mv . 
Aor~ic valve dccalcilica~ion t miwd valve repair or 
replaxmenl 
II 
4 
3 
I 
the cumuiatrve analysis of at least two of the three 
ethcds that were found technically adequate in each pa- 
tient The aortic regurgitation grades were as follows: 1 = 
trivial. 2 = mild. 3 = moderate and 4 = severe. 
l,~~vlt/.i(,~~l(l~ c:jec*tion jktioa was deter 
iricatio the method described by Quinones et al. (14). 
. All patients returning for follow-up 
study were interviewed and examine 
se patients unabk to r 
cardiographic follow-up 
letter. telephone and communication with the patient’s local 
physician for clinical follow-up evaluation. 
~tat~§~~ca~ analysis. Data are expressed as mean values + 
SD. The paired Student’s I test was used in the analysis of 
Doppler echocardiogra~hic variables. The association of 
certain variables with aortic valve replacement on follow-up 
study was examined by chi-square analysis. All results were 
considered significant at p < 0.05. 
Operative findings a ures. Typical findings of 
senescent aortic valve ere found in 65 patients 
(96%): congenita; bicuspid aortic valve stenosis was present 
!n 3 patients (4%). Five patients underwent prior percutane- 
ous balloon aortic valvuloplasty; all had severe restenosis 
prompting surgery. 
Isolarcii irllmsonic ciortk &NJ ded$7cation was per- 
formed in 25 patients (37%); 32 patients (47%) had concom- 
itant coronary artery bypass surgery (Table I). Three 
tients had additional, septal myotomy and myeclo 
additional valvular procedures were done in eight patients. 
Pericardial patch repair of aortic valve cusp perforation 
precipitated by ultrasonic decalcification was performed in 
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11 patients (16%). Other aortic valve and aortic root ProCe- 
dures were performed in eight patients (Table 1). 
R&y postoperative outcome. The 30 day mortality rate 
was 8.8% (six patients). Respiratory failure requiring Pm- 
longed mechanical ventilation was the most frequent Post- 
operative complication (16%). postoperative bleeding re- 
quiring reoperation occurred insix patients; two patients had 
a cerebrovascular accident and one patient had a non-Q 
wave perioperative myocardial infarction. 
Postoperative two-dimensional and Doppler echocardio- 
graphic evaluation wns possible in 61 patients (90%). DoPP- 
ler e&cardiography revealed a dramatic reduction in the 
mean aortic valve pressure gradient after ultrasonic decalci- 
fication (45.3 + 16.2 to 14.4 2 6.5 mm Hg, p < 0.0001). The 
resultant Doppler-derived aortic valve area determination 
also indicated a clear improvement from severe stenosis to 
mild residual stenosis (0.62  0.17 to 1.33 -C 0.33 cm’, p < 
0.0001). Neither the grade ofaortic regurgitation (1.8 2 0.7 
versus 1.5 * 0.7, p > 0.10) nor left ventricular ejection 
fraction (54 2 13% versus 54 + 19%, p > 0.20) changed 
significantly on prehospital discharge examination. 
Clinical follow-up. Clinical follow-up study was possible 
in 61 (98%) of 62 patients who survived for 30 days after 
aortic valve decalcification. There w re nine additional 
deaths during the 1st postoperative y ar. Of these, four 
patients had suspected cardiac death, two of which were 
sudden: no autopsies were performed. The mean follow-up 
period for the remaining 52 patients was 9.4 2 4.0 months. 
The mean New York Heart Association functional c ass of 
these 52 patients was significantly improved at follow-up 
study (1.8 -C 1.1 versus 3.2 If: 0.6 preoperatively. p < 
0.0001). 
Ten of the 52 patients alive at follow~p were rtnahle to 
retiirn to the Mayo Clinic for echocardiographic evahtation. 
Eight of these IO patients were in improved condition and 
had a stable clinical course postoperatively; no hemody- 
namic data were available at follow-up. Of the other two 
patients, one with preexisting severe left ventricular dys- 
function had persistent severe congestive heart failure and 
the other developed recurrent symptoms of exertional n- 
gina, dyspnea nd presyncope. In the latter patient, cardiac 
catheterization at another institution revealed s vere aortic 
valve restenosis, with a mean pressure gradient of64 mm Hg 
and valve area of 0.5 cm*; mild aortic regurgitation was 
Present. Percutaneous balloon aortic valvuloplasty was then 
performed I8 months after ultrasonic decalcification, with a 
resultant mean aortic valve gradient of 40 mm Hg. 
~hocardiographic follow-up. Doppiler chocordiographic 
evahmt! d was ob:ained in 43 patients (83%) at 9.3 + 3.9 
months (including E patient who died shortly after follow-up 
study at 7 months) (Table 2). Residual aortic stenosis re- 
mained mild at follow-up evaluation by both Doppler- 
hived mean pressure gradient and aortic valve area. Mean 
aortic valve Pressure gradient was 18.7 t 7.2 mm Hg and 
Table 2. Doppler Echocardiography AfterUltrasonic 
Decalcification for Aortic Stenosis: Preoperative, Postoperative 
(before hospital discharge) and Follow-Up Evaluation 
Doppler 
Echocardiographic 
Variable 
Preoperative Postoperative 
(tl = 36) (n = 43) 
Follow-Up 
tn = 43) 
Mean aortic valve 
gradient (mm Hg) 
Aortic valve area (cm’) 
Aortic regurgitation 
(grade8 
41.5 + 15.4 13.4 i 6.0* 18.7 + 4.2$ 
0.63 + 0.18 1.38 t 0.33* 1.32 + 0.310 
1.8 k 0.7 1.4 -c 0.8”r 2.7 + 0.911 
*p < O.OUOl and +p < 0.025 compared with preoperative study. $p < 
0.0005. Bp < 0.05 and lip < 0.0001 compared with postoperative prehospital 
discharge study. ¶Aortic regurgitation grades: I = trivial. 2 = mild. 3 = 
moderate and 4 = severe. Values are mean values C SD. 
aortic valve area 1.32 -C 0.31 cm’. indicating a persistent 
major eduction i  stenosis compared with the preoperative 
hemodynamic status. owever. a small but statistically 
significant trend toward restenosis was evident by both mean 
pressure gradient and valve area determinations i  compar- 
ison with results obtained before hospital discharge after 
aortic valve decalcification (Table 2). 
Of major concern was the significant increase in aortic 
regargitation noted by cumulative Doppler echocardiog- 
raphy at follow-up study (Table 3). At that time, the mean 
aortic regurgitation grade was nearly double that found 
before hospital discharge (Table 2). Eleven patients (26%) 
returned with severe aortic regurgitation byDoppler echo- 
cardiography. The composite Doppler findings in one patient 
with severe postdecalcification aortic regurgitation are 
shown in Figures 2and 3. All patients had findings of severe 
aortic regurgitation  physical examination. Eight of the 1 I 
patients had New York Heart Association class 1V left 
ventricular failure: 7 patients had a left ventricular ejection 
fraction >50%. At follow-up study moderate aortic egurgi- 
tation was found in another I6 patients (37%), 6 of whom 
were mildly symptomatic. 
Reoperation for aortic regurgitation. Reoperation for aor- 
tic valve replacement was performed in six of the eight 
patients with severe aortic regurgitation a d functional c ass 
Table 3. Aortic Regurgitation Detected by Doppler 
Echocardiography After Ultrasonic Aortic Valve Decalcification 
for Aortic Stenosis: Preoperative, Postoperative (before hospital 
discharge) and Follow-Up Evaluation 
No. of Patients 
Aortic Regurgitation 
Preoperative Postoperative 
(n = 36) tn = 43) 
Follow-Up 
(n = 43) 
None 3 6 I 
Trivial 5 I4 2 
MiLi 25 21 13 
Moderate 3 2 I6 
Severe 0 0 II 
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HV symptoms. The mean time to reoperalion was 13.5 i 5.0 
r initial ~l~~aso~~c aortic valve decalci At 
all six patients were found to have ant 
lstortion of the previously decalcified aortic valve cusps. 
The commissural margins of the cusps were 
tracted, producing a gross deficiency in centr 
residual dense fibrosis and calcification of previous aortic 
stenosis, with proliferative g~anu~a~~o~ (issue and e 
brosis evident in regions of ultrasonic deca 
Edwards. personal commu~~ca~io~). The 
from the mechanical injury of ultrasonic dec;llcificaGon 
appeared to be responsible for aortic cusp retra&ox 
All six putierrts strrr*ired reoperatiort, with hioprostizetk 
aortic valve; rc?lacernenr being perfi,rvt:ed b d imes. 
Another patient died suddenly after rhe diagnosis of severe 
postdecalcification aortic regurgitation: no autopsy was per- 
formed. Aortic valve replacement was deferred in three 
other patients with symptomatic severe aorlic regurgitation 
because of the patient’s decision or advanced general infir- 
mity, or both. Afterload reduction therapy improved the 
symptomaflic status of one patient. The I Ith patient with 
severe postdecalcification aortic regurgitation was asympto- 
matic at follow-up study. 
@hi-square analysis revealed no significant association 
be:tween the development of severe aortic regurgitation after 
ultrasonic aortic valve decalcification and these factors: age. 
gender, preoperatiq:e severity of aork stenosis. degree of 
preoperative aortic regurgitation. preoperative percuraneous 
balloon aortic valvuloplasty or intraoperative cusp perfora- 
tion precipitated by ultrasonic decalcificalion. 
Figure 2. Composite two-dimensional/Doppler echocardiographic 
findings in a patient with severe aortic regurgitation after ultrasonic 
aortic valve decalcification. E& paoel, Wrasterflai long-axis image 
in diaslole: the left ventricle (LW is moderately dilated and residual 
calcific aortic valve disease is present. ight panel, Doppler color 
flow imaging reveals a broad aortic reg tant jet (arrows) nearly 
filling the entire left ventricular (LV) 0 w tract during diastole; 
mitral diastolic inflow is also visualized k~rowhead). Ao = aorta; 
LA = left atrium: RV = right ventricle. 
Mechanical aortic valve decalcification and 
s for cafcific aortic slenosis were largely 
abandoned after the development of satisfactory prosthetic 
valves for replacement. However, aortic valve prostheses 
have multiple long-term risks, primarily from thromboembo- 
lism and a~ticoaguiant-related hemorrhage (15) but also from 
prosthetic endocarditis. limited durability and hemolysis 
(16). Recently. reports supporting mechanical decalcification 
(17). open aortic valvuloplasty (18) and even laser-assisted 
debridement (19) for salvage of the native stenotic aortic 
valve have appeared. 
TQ our knowledge, the first report (20) of ultrasonic aortic 
valve decalcifiearion (utilizing a dental descaling device) 
appeared in 1972. Later. decalcification of both aortic and 
mitral valves was reported (21). with B e me of arn unwieldy 
ultrasonic ne~~~olit~otriptic device. n 1988, preliminary 
reports (4.5) ofaorti,; decalcification ern~~oy~~g the Cavitron 
Ultrasonic Surgical Aspirator (CUSA) appeared. Because 
the CUSA device facilitated nearly complete, easy and rapid 
aortic valve decalcification. ir essentially replaced ahe trrore 
painstaking and often less complete methods of mechatkal 
decalcification in several institutions. 
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Figure 3. Top panel, Continuous wave Doppler recording for the 
same patient as in Figure 2 demonstrates rapid decline in the aortic 
regurgitant velocity profile (arrow) and a very ahbreviated diastolic 
pressure half-time ‘DP TlR). indicative of rapid equilibration of 
aortic and left ventricular end-diastolic pressures. The end-diastolic 
pressure equilibration is accentuated by atrial systole (arrowhead). 
Bottom panel, Pulsed wave Doppler recording of the proximal 
descending thoracic aorta shows major holodiastolic spectral rever- 
sal (arrow) resulting from severe aortic regurgitant flow. 
Preliminary reports (4,5) of ultrasonic decalcification in- 
volving small numbers of p Ytients demonstrated a dramatic 
reduction in aortic stenosis Lvhen evaluated by both intraop- 
erltive hemodynamic findings (5) and Doppler echocardiog- 
raphy before hospital discharge (4). It was also suggested 
that aortic cusp coaptation improved after decalcification of 
calcific deposits. 
Results of the current study. In the current larger series of 
patients, predischarge postoperative Doppler echocardiog- 
raphy likewise revealed mild residual aortic stenosis by both 
mean pressure gradient and aortic valve area determinations 
in a group of patients with generally severe senescent aortic 
valve stenosis preoperatively. Unlike prevhss limite 
month follow-up data (II), the greater than 9 
period of the current study group revealed a small b 
statistically significant trend toward rebrenosis- One patient 
(2%) had severe symptomatic aortic restenosis requiring 
balloon valvuloplasty. 
The most important jinding in this study was the high 
inciderrce of significant uortic regwgitation at ~v~~ow-~~~ 
evahrtrtivn. At 9.3 ‘_ 3.9 months after ultrasonic aortic valve 
decalc~~catio~~ 26% of patients had severe aortic regurgita- 
tion, 73% of these having severely symptomatic left ventric- 
ular fail:;e. An additional 37% of the follow-up patient g 
had moderate aortic regurgitation by Doppler ecboca 
c and physical examinations. 
charmism of ~ostde~a~ci~cat~~~ aostie r 
and histopathologic examination of the 
patients reoperated on for severe aortic regurgitation dem- 
onstrated cusp scarification and central insufficiency. 
suspect that aggressive ultrasonic debridement precipitated 
mechanical injury, inflammation with intense fibroblastic 
proliferation and later fibrous contraction of the outflow 
surface of debrided cusps. This, in turn, caused retraction of 
the free margins of the cusps, leading to central insufficiency 
of coaptation. This hypothesis is consistent with the clinical 
observation that postdecalcification aortic regurgitation de- 
veloped in a delayed gradual fashion and was not apparent 
on early predischarge echocardiography. 
In general, complete ultrasonic aortic valve decalcifica- 
tion was attempted in each patient in this study, and this 
approach resulted in a 16% incidence rate of intraoperative 
aortic cusp perforation requiring pericardial patch repair. 
Repair of such perforations, however, was not predictive of 
severe aortic regurgitation at follow-up evaluation. 
If is possibie that the severity of prevperative uvrtic 
stcrwsis corttributed to the results of this study. The mean 
preoperative aortic valve area of foliow-up patients was 0.63 
+ 0.18 cm’. consistent with severe aortic stenosis. The 
severity of calcific stenotic disease in these patients may well 
have precluded acceptable salvage of the native aortic valve 
by ultrasonic decalcification without m;njor cusp illjury. 
Because of the limited nltmb~r ot’ natirntq this hvnnthesis r--------7 ---.- b_,r __.._ 
could not be proved by statistical analysis. It is not known 
whether partial decalcification of the severe calcific disease 
would have prevented the development of cusp retraction 
and hence significant aortic regurgitation. Given the slight 
but significant trend toward restenosis observed in this series 
with near complete decalcification, patients with partial 
decalcification may be at risk for significant restenosis. The 
results and potential role of ultrasonic decalcification of mild 
to moderate aortic stenosis performed incidentally during 
another open heart surgical p~~ced~~e need further investi- 
gation. 
Limitatiotts. The current study is limited in that the 
delivered ultrasound energy levels and duration of probe 
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y of the aortic valve as viewed 
nt aortic stenosis before ultra- 
mediately after ultrasonic decalcifica- 
tion: most cakific excrescences have been debrided and cusp 
coaptation is intact. C, The same patient at reoperation 7.5 months 
later for severe aortic regurgitation. The previously dec;rlcified 
aortic cusps are thickened and ~~erely retracted. with maked 
deficiency in central coaptation. 
application to the a9ftic cusps were ~~ic~~t~9~~e~ and varied 
among patients. Because there is NO good animal model fop 
calcific aortic stenosis, controC:d investigalions to define 
optimal ultrasound energy for aortic dccaici~catio~ are not 
feasible. 
licatioons. In view of our results, use of ultrasonic 
aortic valve decalcification for severe calcific aortic r!enosis 
has been discontinued at our institution. Further fo’ollow-up 
studies of patients who have undergone this procedure are 
ongoing. Doppler echocardiography is an excellent noninva- 
sive method for assessing both aortic stenosis (9.IcP.22,23~ 
and aortic regurgitation (I l-.13) and is recommended m 
addition to close clinical follow-up evaiuaiion of ail patients 
with prior ultrasonic aortic valve deca~ci~catio~. 
With the currently available follow-up data, ultrasonic 
deca~ci~catio~ for severe aortic stenosis as performed in tbis 
study cannot be considered a viable alternative to prosthetic 
valve replacement. The procedure may be useful for patients 
with Dess severe aortic valve disease in whom limited de- 
bridement can restore cusp mobility. However, careful 
fo~~ow-~~ study will bc necessary to detect progressive 
aortic reg~rg~~at~ff~ or resrenosis. 
_- 
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